The behavior of platelets in capillary hemorrhage has been investigated by using highly purified hemorrhagic principle from a snake venom. The first capillary hemorrhage was observed through a light microscope four minutes after topical application of the hemorrhagic principle to the microcirculatory system of the rat mesentery.
With time hemorrhagic spots increased in num ber and size. The electron microscopic observations of the affected capillaries showed a partial discontinuity of the endothelial lining. The basement mem brane occasionally maintained its continuity even when the endothelial cells did not. When the endothelial gap was narrower than one micron, a single platelet which had not degranulated, was frequently seen to have a pseudopod within it. When the gap was 1-2 microns wide, platelets appeared to change their shape so as to fit the entire cell into the gap. Most of these platelets showed partial degranulation.
When the gap was more than two microns wide, platelets collected and degranulated into it. In general, the wider the endo thelial gap was, the more platelets collected and degranulated in it. Some degranulated platelets were found in the area enclosed by endothelial cells, a basement membrane and a pericyte. The experimental results suggest that the endothelial injury itself may provoke the reaction of platelets before the platelets make contact with extra-capillary tissue constituents.
When the blood stream of the microcirculation is disturbed somehow, the deranged hemocirculation is manifested as stasis, plasma skimming, sludge phe nomenon, rolling of leukocytes, flying of thrombus, increased permeability and hemorrhage.l,2 The microvascular hemorrhage is one of the most serious con ditions among these discomposed states. Although the thrombocyte reactions to the injured surface of large blood vessels have been studied and the capillary hemorrhage, capillarrhagia, has been investigated in a thrombocytopenia,3 an ascorbic acid deficiency4,5 and after the administration of a snake venom,6-2 the 83 Chikara Oshio actual reactions of platelets to the injured capillary wall has been scarcely demon strated. Because the microcirculatory system differs substantially from the large blood vessel system in terms of the vascular structure and hemodynamics, the platelet might show distinct behavior to the damaged microvascular wall. The purpose of the present communication is to study the mode of micro vascular hemorrhage by a purified snake venom and to demonstrate how platelets react to the injured microvascular wall. The used snake venom, HR 1, was purified from the venom of Trimeresurus flavoviridis by Omori-Satoh and Osaka13 possessed the highest hemorrhagic activity ever purified among the hemorrhagic principles isolated from bacterial and animal origin.14 In this paper, the identi fication of vessel types Nvas based on the classification by Chambers and Zwefach.13
MATERIALS AND METHODS
The purified snake venom, HR 1, was the generous donation of Drs. Omori
Satoh and Ohsaka. HR 1 contained more than 80% of the hemorrhagic activity but only 0.6% of proteolytic activity present in the original venom.11,13 Some other properties of HR 1 are shown in Table 1 bizarr appearance at such a thick portion as its nucleus was seen ( Fig. 2 and 3 ).
Secondly, it showed gap formation in an endothelial cell lining whose wall was relatively thin.
The platelets reacted to the gaps with drastic shape changes (Fig. 4-8) .
A capillary presented a very thick appearance when an endothelial cell laid its nucleus in the cytoplasm. In such an endothelial wall, the spaces were newly formed between an endothelial cell and basement membrane ( Fig. 2 and 3) . A part of endothelial cytoplasm was sometimes noticed left over in the space (Fig. 2) or along the basement membrane (Fig. 3 ). There were observed fibrins ( Fig. 2 ) and amorphous substance (Fig. 3) in the spaces which were thought to be brought in from plasm. The necrotic or degenerative changes of endothelial cells was not apparent. It was probably too soon for these alterations to become visible as morphologic changes because tissues were fixed by ten minutes after exposure of the toxin.
Platelets were seen to collect toward the endothelial gaps when capillary walls were damaged. The number of collecting platelets seemed to depend on the size of the gap. It could be said in general that the wider the gap was, the more platelets were observed. In thin wall of capillaries, there were many gaps which varied in diameter and increased in number with time. A pinpoint gap (less than one micrometer) was often filled with a strikingly deformed platelet. A single platelet was seen to have a pseudopod lodged within it (Fig. 4) . This reaction of the platelet to the gap did not appear to be associated with the exis tence of a basement membrane or collagen fibers outside of the capillary. In fact, it occurred most often when the platelet had no contact with them. Platelet granules lay in the central region of the cell and degranulation
had not yet oc curred at this stage. The larger gaps were also replenished with many platelets which appeared to change their shape to fit the entire cell into the gap space ( Fig. 5-7) . Most of these platelets showed partial degranulation and some re leased granules could be seen between accumulated platelets. Typical platelet metamorphoses were seen in Fig. 6 In order to complete the hemorrhagic process , blood cells must pass through two main components for a capillary wall , an endothelial lining and basement membrane.
As far as an endothelial lining is concerned , two kinds of extrava sating routes are possible. One route is through an endothelial cell cytoplasm and the other through an endothelial junction . Using serial sections of capillaries of thrombocytopenic guinea pigs , van Horn and Johnson32 maintained that erythrocytes penetrate wreakened endothelial cytoplasm rather than an endothelial junction. McKay et al.6 also described that injection with the hemorrhagin derived from Vipera palestinae venom appeared to produce gaps in the endothelial cell rather than between endothelial cells . On the other hand, Gore et al.3 considered that the thrombocytopenic animals displayed widened intercellular junctional spaces in the endothelial lining through which erythrocytes extravasated . As these three studies were carried out under different experimental conditions , and their findings were inconsistent, the precise mechanism of capillary hemorrhage is still not understood. Therefore, it was proposed that HR ]I acts by opening endothelial cell junctions and that the adjacent basement membrane is disrupted enzymatical ly to permit the extravasation of blood cells. This point of view is supported by the fact that there is a time lag of four minutes before capillary hemorrhage is observed. In the present study, however, it is also considered that the endothelial gaps could be made both in an endothelial cell and between two endothelial cells, because the number of gaps were sometimes seen more than the number of cell junctions which is usually noticed in blood vessels of this size (Fig. 8) .
Platelet-collagen adhesion is generally believed to be the primary and critical ly important step in the formation of a hemostatic plug .36-37 This theory may be applicable in the hemostatic process of large or middle-sized blood vessels.
Tranzer and Baumgartner,38 however, showed that platelets could adhere to the basement membrane of a capillary when its wall was denuded of endothelial cells. In addition, Johnson3`° demonstrated by autoradiography that platelet material entered the endothelial cells in the thrombocytopenic animals. She believed that platelets would adhere and aggregate on injured endothelial cells and on all types of connective tissue in the vessel wall. In the present study, platelets were seen to have a pseudopod or the whole cell body lodged within an endothelial gap as a plug. These findings suggested that the endothelial injury itself can provoke Recently, a prostaglandins and their derivatives come to appear before the footlights in terms of correlation between endothelial cells and platelets.40,41 The phospholipase A2 released from endothelial cells can provoke platelets to cleave free arachidonic acid from phosphatidyl choline or phosphatidyl inositol. Arachidonic acid, then, converts to prostaglandin (PG) G2 and PG H2 . Throm boxane A2 which is formed from PG H2 induces the platelet release reaction. On the other hand, prostacyclin (PG 12), which is produced from PG H2 only in endothelial cells, inhibits platelet adhesion to endothelial cells. The prostaglandin derivatives undoubtedly play a major role in the maintenance of blood circulation. These recent evidences support Johnson's idea39,42 that platelets react not only at hemorrhage but also always sustain endothelial cells. The present study demon strated that platelets could begin to take a necessary step of reaction to the in jured microvessels even before the contact with the extra-capillary tissue con stituents.
The damaged endothelial cells might induce platelet reaction by failing to produce prostacycline.
